MANUFACTURI NG METHOD OF GLASS SUBSTRATE FOR MAGNETI C RECORDI NG MEDI UM
AND MAGNETI C RECORDI NG MEDI UM The present disclosure relates
to subject nmatters contained in Japanese Patent Application No.

2007- 252668 filed on Septenber 27, 2007, which are expressly

i ncorporated herein by reference inits entireties. BACKGROUND OF THE
I NVENTION 1. Field of the Invention [0001] The present
invention relates to a manufacturing nethod of a glass substrate for
a magnetic recording nediumused as a recordi ng nmedium for a conputer
or the like and to alAYYRAETERINE GIEIHAY MEJEUATS 22UEREEYIEt i on of the

Prior Art
FOR

MAGNETIC RECORDING MEDIUM AND MAGNETIC RECORDING MEDIUM

The present disclosure relates to subject matters
contained in Japanese Patent Application No. 2007-252668 filed
on September 27, 2007, which are expressly incorporated herein

by reference in its entireties.

BACKGROUND OF THE INVENTION
1. Field of the Invention
(00017
The present invention relates to a manufacturing method
of a glass substrate for a magnetfic recording medium used as
a recording medium for a computer or the like and Lo a magnetic

recording medium.

2. Description of the Prior Art
[0002]

Conventionally, as a substrate for a magnetic disc which
is one of magnetic recording media used for a hard disc drive
{HDD) or the like, an aluminum substrate has been widely used,
However, along with space saving, flattening, and high density
recording of the magnetic disc, the aluminum substrate 1is
replaced by a glass substrate having superior flatness of the
substrate surface and substrate strength to the aluminum

substrate.



[ 0002] Conventionally, as a substrate for a magnetic disc
which is one of magnetic recording nedia used for a hard disc drive
(HDD) or the like, an alum num substrate has been w dely used.
However, along with space saving, flattening, and high density
recording of the magnetic disc, the alum num substrate is replaced by
a gl ass substrate having superior flatness of the substrate surface
and substrate strength to the al um num substrate. [0003] One
of the biggest issues of a nmagnetic disc using a glass substrate is
hi gh- preci sio0xll eani ng of a gl ass substrate surface. If a foreign
matter adheres on the glass substrate surface, a thin filmforned on
the gl ass substr &ne slithadel guppsthes Hamgbd. nareovelst usangeyndese
disc using a glass substrate with a foreign matter adhered on the
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surface theP@ditiadecaiisdeft Iy H&siddaee Cdataineg afcondiltissn SwhafFsate
flying height of a netoresistive head..is lowered to, i rove
oo e e Pl TRPTE Lt BB OF Sy oy he O G RREF
i ] adugi i i ed out .
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magnetic di 5¢ SURERES. dURCEQoRefOr kon Maldek ika flass pald i £ §105s
the like) on the glfass substrate and the convex portion causes

thermal aspgfibdtratdOQ0Bh a foreigdhRfmBl AfRafdd ¥nithaastf pabd ehwhkeh
causes a reading error when a magnetoresi stance elenment is heated by

adi abati c cospresedoro afkepaotuoe dyraontactnbyt domadret €1 heard hatight
the magnetic head is in float flight and passes above m nute convex
or concave por&ipagwekex gmgtétiec hdirdcisutdeaeeed Ther Bloiwe aecosfeny
hi gh-1evel of snoothness and flatness are required on the surface of
a nmagnetic @gBeifvpiLhragastorEsildervdhregdia WoRebFaPS e g #GREPT ¢

| ayer is forned mgkl$ dust %r a foreign na%%e%nadher s?ogathe glags
substrate sOGFFEER¥NAIEFFPERIBGHE ST TLTGFEd fﬁ%?%%o 2R yie PEVel
cl eani ng tO(BBEXF”t dust and

This is because a convex portion is formed on the magnetic
disc surface due to a foreign matter (a glass particle or the
like) on the glass substrate and the convex portion causes
thermal asperity.

[CcO05]

Thermal asperity is a trouble which causes a reading error
when a magnetoresistance element 1s heated by adiabatic
compression of air or by contact by a magnetic head when the
magnetic head is in fleat flight and passes above minute convex
or concave portion on a magnetic disc surface. Therefore,
extremely high-level of smoothness and flatness are required
on the surface of a magnetic disc for a magnetoresistive head.
Moreover, if a magnetic layer is formed while dust or a foreign
matter adheres on the glass substrate surface, a convex portion

is formed. Therefore, high~level cleaning to prevent dust and
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to renove a foreign matter so that a convex or a concave portion is
prevented is required for the glass substrate. [0006] A cause
of the above-nentioned adherence of a foreign nmatter on the surface
of a glass substrate for a nmagnetic disc is mainly damage (a crack or
a chip) on a glass edge surface. The damage (a crack or a chip) on
the gl ass edge surface occurs when the glass substrate is processed
for shaping by a cutter or a drill. If the damage (a crack or a chip)
remai ns on the edge sgrface of the glﬁﬁs substrate, the dama

et

catches a paPti®eIPd®ahd °f e PAASier 3t Gatight = hiy %GHBF@V%%%FF%&O“
f f ot ] f.ol | ow 0007
surface o iﬁ.pf%%@ér&es&'@%t rr%&ﬁlk%‘%tf‘oer t%es‘é‘rﬁ%gg 9£$§f§§te.[ ]

Mor eover, efe 1S darmge “on e edge ace o e gl ass
substrate, sppegpth of the glass substrate is decreased. That is, if
smal | shock is applied to a glass substrate having damage (a crack or

a chip) on an edge suishace, thbesgois-erRQ9skhi hiihyréhad dhe goassqgn
substrate is broken fromthe danaged portion due to the shock. [0008]

For the purpaseesoforr edecding asechf & damagesustirhecefige asuafiaeeic disc
techni que to renove a damage fromthe edge surface of a gl ass
substrat e byspoiishi nignebe bdgeashr face oNirh an roogaryshedsh aitage.
abrasive conpound including a | oose grain after shaping the gl ass
substrate hggetfb?éwg&r OPSLEF L ¢ Shiml @ﬁtt%éféﬁéﬁtec%e. SpphEeRtOcCUrs

Docurent 1] Japanese ,Publ i shed tnexan ned Patenl chaping by a cutter

or a drill. If the damage (a crack or a chip} remains on the
edge surface of the glass substrate, the damage catches a
particle and the particle thus caught may adrhere on the surface
of the glass substrate in the following process.

10007)

Morecver, if there is damage on the edge surface of the
glass substrate, strength of the glass substrate is decreased.
That is, if small shock is applied to a glass substrate having
damage (& crack or a chip) on an edge surface, there is a
possibility that the glass substrate is broken £rom the damaged
portion due to the shock.

[0008]

For the purpose of reducing such a damage on the edge
surface, a technique to remove a damage from the edge surface
of a glass substrate by polishing the edge surface with a rotary
brush using abrasive compound including a loose grain after
shaping the glass substrate has been proposed (e.g., Patent
Document 1).

[Patent Document 1} Japanese Published Unexamined Patent
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Application No. H11-221742 [0009] However, according to the
above-nenti oned conventional nethod, the glass substrate is

shape- processed by coring or scribe using a dianond el ectrodeposition
grindstone or the like and in that case, cracks occur in various
directions fromthe gl ass edge surface to inside of the glass. In the
following form ng of a chanfering surface, because chanfering is
carried out by use of a dianond grain, cracks al so occur in various

directions fromthe chanfering surface at that tine. [0010] I t
i s difficul?PRiAdripretiel yHEEndde’ & acks thus occurred in various

di rections i@”#ﬁe polishing process by a rotary brush. Especially, it
is inpossib sufficiently polish a chanfering surface by a rotary

brush. [0011] ich_step..in the conyentional.nethod will.be
xpl ai ned bel ow. EPIEE SHaEE Hrdcbder i G 8 GrassTgr conrRgrarTe !

scribe wll.be,&xplajned, sk Subﬂfasceafi‘é;‘é 250r, &%%éghi %ro?gg?s&f‘g

to cut a hole at the center portion o I 5Cc-shape ass su rate

71 using a @@ﬁ&aéiﬁ's_ih? A el d @lé&ﬁro@d@pﬁ@@t9!}1@%}%1%69%55@?0% thle Pyx&
cylindrical core drill 73 having a grindstone 72 at the tip to which

di anond gr aimd iis) ehecteadepesktrde.oddu@ i (@)idus aipkantoys GwWoseehe
fromabove, while FIG 6 (b) is a cross-sectional view on a surface
t hrough t hegkaerd exdgef stthéagt ass iswhiser af ectvl grd sper pendiec dlbal ot Dn@
mai n surface of the glass substrate 71. Coring is to spin the core
drill 73 anBerenig giasshapfenengsiundatonderaues dromhea ihol s carthed
gl ass substrate 71. An enlarged view of the grindstone 72 when gl ass
is cut is showPy iss & 6 @é moﬂ@mﬁf%%“glé§§cg§ hi° RFRA core VAFLPES
cracks 74 ogcur _.i.n varfioust irections insidg t he €Iq§s. Her e, when
outer circutteterncd Sof Fthe f a8 Mist¥ar8r 73°F 2t ut 2t e ™Gl ass i s
cut by a glags,gutter or the like having a grindstone at the tip in a
simlar manner and therefore cracks occur in various directions

inside the glass Quii AYrPl LS SbNGbmpletely remove cracks thus occurred

invarious directions in the polishing process by a rotary brush.
Especially, it 1s impossible to sufficiently pelish a
chamfering surface by a rotary brush.

[0011]

Each step in the conventional method will be explained
below. First, shape processing of a glass by coring or scribe
will be explained. Fig. 6 is a view for explaining processing
to ¢ut a heole at the center portion of a disc-shaped glass
substrate 71 using a core drill. A hole 1s cut in the glass
substrate 71 by a cylindrical core drill 73 having a grindstone
72 at the tip to which diamond grain is electrodeposited. TIG.
6 {a) is a plane view seen from above, while FIG. 6 (b) is a
cross-sectional view on a surface through the center of the
glass substrate 71 and perpendicular to a main surface of the

glass substrate 71. Coring is to spin the core drill 73 and
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[ 0012] Next, shape processing of a glass by a scribe will be
explained. FIG 7 is a view for explaining processing to cut a hole
at the center portion of a disc-shaped glass substrate 7]. by a
scribe using a grindstone. In the glass substrate 71, cracks are nade
al ong the shape of the hole by a grindstone 75 to which dianond grain
is electrodeposited. FIG 7 (a) is a plane view seen from above,
while FIG 7 (b) is a cross-sectional view on a surface through the
center of the glass substrate 71 and perpendicular to a nain surface

f th | t 71. Aft de i he .ql
gubst?a?ea$§9§ﬁ£%ﬁ£$%§’§h§p§régafﬁég%o %a%§:¥%396:%ﬁé§$6ﬁe%gé,géf%%s

at the portj r.e-1 he ;ho IS gp | S ef r

enl ar ged vi%M/gﬁnﬁﬁ%7%Piﬁ‘s%§%% { %%%€f§g£§§g?§¥%€§%7?§ﬁ§ﬁ%%m Th
FIG 7 (c).i¥en grasks,Aris made, ¢ CIACKSyH4n 0f GlhsisNi ¥aEhOUS, a core
directions inside the glass. [0013] As descri bed above, in the
processi ng @fid gkasskPynecswt i€0vh b dseetbeontsiingideHHNASEONE,
cracks occur in various directions inside of the glass. [0014]
Next, chanféereagwpenoessing usimigrdnasoid: gy gl aswishbsbeaexpliaigedt,
using FIGs. 8 and 9. A formng step to carry out chanfering on the
edge surfacehoflasgligsyitshpstglass ¢utodr o ddeolitket vz eind Agrdhdptdne
gl ass substrate 80 on which a hole 81 is forned at the center of a
di sc- shaped®yldss t4BbsPrat B MIAET BIRLSRANOARL LG BHE of 3F U Pcaes in

through the center of the ring-sh and gerpgndicular to amain
surface is SHoW'S HEFEL I8 FaT S} %%F glass'during processing.

[001Z]

Next, shape processing of a glass by a scribe will be
explained. FIG. 7 is a view for explaining processing to cut
a hole at the center portion of a disc-shaped glass substrate
71 by a scribe using a grindstone. In the glass substrate 71,
cracks are made along the shape of the hole by a grindstone 75
to which diamond grain is electrodeposited. FIG. 7 {a) 1is 3
plane view seen from above, while FIG. 7 {(b) is a cross-sectional
view on a surface through the center of the glass substrate 71
and perpendicular to a main surface of the glass substrate 71.
After cracks are made in the glass substrate 71 along the shape
of the hole by the grindstone 75, glass at the portion where
the hole is made is removed by hot press. BAn eniarged view of
the grindstone 75 when cracks are made is shown in FIG. 7 (¢).
Wnen cracks are made, cracks 74 occur in various directions
inside the glass.

[0013]
As described above, in the processing of g glass by normal

coring or scribe using a grindstone, cracks occur in various
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As shown in FIG 8 (b), an inner side grindstone 90 i's inserted into
the hole 81 as a polishing nmeans and an outer side grindstone 91 as a
polishing neans is also provided on the outer side of the glass
substrate 80. The inner side grindstone 90 and the outer side
grindstone 91 press the glass substrate 80 in a manner (not shown)
that the grindstones sandwi ch the gl ass substrate 80 in radial
direction. The inner side grindstone 90 and the outer side grindstone
91 are pulley type rotary grindstones and includes a | ater-described
pol i shi ng stvfeade.con theidetef e gurikerence surface. The gl ass
substrate 80, the inner side grindstone 90, and the outer side
grindstone Y0Xle rotary driven by a drive neans (not shown) and the
rotation direction of each of themis set to be opposed at contact

poi nts of each offe¥RerfPaEing BEUPFRTHINGgU bt aHiegwnandr al i otldfype
driving nechani sm of the glass substrate 80_are not shown in the
figures. [mr}amd USINGRERSS arf | Hiter -edyet STR LS 6P &Rd CaRTHubEr

ci rcunf erenge surface 83 of the glass substrate 80 _are cut to
For m chant &Fi A0 SorD! he 528 and S Yt Srobie HORFE RS (5 SHFBtAY)
FIG 9 is rntiall rged vi i shi |t B e
explanatioﬁmg%t%hg T%ﬁiﬁyiﬁﬁig 8¥%§%§§%ﬁgrggga§g(ﬁﬁgﬂgébe%qgﬁ'eggaﬂ?
grindstone Adrryerd@phontshddie Quterasidargebndshane adpwikhibe a
expl ai ned here. On an outer circunference surface of a base materi al
9la of the otder-sicdecgelndséwnm %l ,sua raest efrph@ne: EOrdenoBro2a fiog
formng a plane portion in a center portion in thickness direction of
t he out er criransherencel edgeesdifakber 88 mndia ssirdpicrgl pehbwonirORLG f or
formng a chanfering portion 83a are fornmed. On the surface | ayers of
the center ¥l &he portion 92a and the sl oping portion 92b, dianond
grain 93 as an exanple of a grain is buried in a nickel 94. By the
grain 93, stittade of the gl ass substrate 80 is polished. In the
chanfering processin crac 5.0 r in.,arious,directiqns of.the
‘el de of t he gl a5s oRpahs PTG o8 Kl pott ERCEo5TH Treene <P dbs
gri ndstone i i t] : . :
Next, poli shi négﬁbe;/&gn%;t%gtreﬁ{ l%%lg%rv?/i %%%Eééé%ﬁgg%ﬁegaaﬁ %glcﬁlot?rssjéde
view expl ai g N AR rRAGL 2 SW H8CEs RO RRLAY 13PPRAIALYSY Ofic@ otUlNd bRt e A
gl ass substrate 101 is chanfered in the previous formng step and a
side wal |l perdd @f 1Ad qfndsasabaoterd Y .porid amnkl2sane q@tireadynbosored
on an edge surface 110. [0019] As shown in FIG 10, a
plurality ofngltassosudstyiategrifdsiarre: [SAnpnet edhcogbess et diatedtend@
col umar manner. A polishing brush 102 includes a nylon fiber and an
ext ernal fokmathaeot (Ret shoroxi Heatelpe colingaapnehapadwien dadlass er
circunference surface thereof is a polishing surface. Rotation axes
of the gl as¥"'RibAeafd i@l?%ﬂﬁfltﬁérBSFP%%inghﬁrﬁ%ﬁeﬁd?ugiérindStone
appr oxi mat e arallel and are caused to be rotated.i.n the_sane

A Fection (Ehih e i Bi8e0BHEER el rtw L OB Yo agEse Tphery

gl ass subst n i shin IR i s

i roct: one ST b gl POl O P Rtk IRY el M pRpRT 2

gl ass substgatgl@Ltks POFEGhEA- et BErpOLd Shithg BrHsh hO7+ Meceguer,
at the contact portion of the glass substrate 101 and the polishing
brush 102, ehedzzke 403 ggiabesehy Joskhd amedoatsr an dabs ashdeone 91
conmpound including a | oose grain is provided.

are rotary driven by a drive means (not shown} and the rotation
direction of each of them is set to be opposed at contact points
of each of them. Here, a supporting mechanism and a rotary

driving mechanism of the glass substrate 80 are not shown in

the figures.



[ 0020] FIG 11 is a partially enlarged view of a polishing
position. As shown in FIG 11, there may be a case where mrror
polishing is not sufficiently carried out because the polishing brush
102 does not reach deep into a groove 112a forned by an adjacent
chanfering portion 112. It is considered that this is because a fiber
220 of the polishing brush 102 can hardly reach deep into the groove.
If mrror polishing is insufficient, an effect to prevent generation
of dust or i&&f on of a particle is decreased and that may be a cause
of generati thernal asperity if the gl ass substrate is used as a

magnetic disc. (G211 wawnnerpé%gge 89%%\6 n okt%g dl@%?r&'e?l 8l O

sufficiently renove a nmage (a crac or a surface

by a convenéa@aéwfw@%mﬂﬁ%@fglsa@%p%u@rs%%él 8o Qrgl e§§ %Hb%#@te
by coring or scribe using a grindstone, chanfering by dianond grain,

and pol i shi ogarite iedo@ostibasespd A sglaassssubstds ate ;. asr otary
brush using an abrasive conpound including a | oose grain. [0022]

Mor eover, al@mg/wi th the high recording density and diversification
of use of a magnetic disc in recent years, a snaller magnetic disc
has been used. FdilCexhhpheaitiadlyrallargkdss eyubse patéshsed pbeitaon.
1.8-inch magnetic disc, a hole in the center portion thereof also
beconmes sma ?%%U%?nc?’%ﬂ%é‘iﬂéité% optthes e shpe @@%ﬁﬁ%’& i%) éngl the

-polish d f th t
b1 ush, Nor cRVER SHUC AT ACURG -S4 RagHalh OO St RECOREE AP RRES

it is nmore giffiGult é@glal %@h@%. 120 9{5 &L[Jc%brpeué&wgr&{c ngﬁf?gf%n

FIG 11 to reach deep intot foove an econes nore I CU

to carry outs %plpéé)epfnbateglﬂl rgi%rofp%b%ijt%% s18083} ndstone offurd E@Eter
along with the diversification of use of a magnetic disc, hi gher

quality in praeyebredidderentod fOMmiRad pohnt e -eeBMamtd @@atef)@arltson
required of a glass substrate for a magnetic disc. For exanple, in a

magnet i ¢ di s tofichnhbghlispesd onaiathermutgpec k¢ e reoicat ¢ Oge Bumere of
3400 rpmor nmore or a magnetic disc used for a nobile phone or the
| i ke which BRyerseadahdgat wWeelhiosetld dpenfarmial kerhdahejerbeesivesn a

probl em
83a are formed. On the surface layers of the center plane

portion 92a and the sloping portion 92bh, diamond grain 93 as
an example ¢f a grain is buried in a nickel 94. By the grain
93, surface of the glass substrate 80 is polished. 1In the
chamfering processing, cracks 95 occur in various directiocns
of the inside of the glass from the sloping portion 92a of the
outer side grindstone 91 in the chamfering portions 82a and 83a.
[0018]

Next, polishing by a rotary brush wili be explained. FIG.
10 is a view explaining an edge surface polishing apparatus of
a substrate. Aglass substrate 101 is chamfered in the previous
forming step and & side wall portion 111 and a chamfering portion
112 are already formed on an edge surface 110.

(0019]



because the damage may becone | arger when used. In addition, the

gl ass substrate becones thinner in a small-size magnetic disc. If the
gl ass substrate becones thinner, a smaller damage nmay cause breakage.
Therefore, for exanple, a danage (a crack or a chip) which was not be
conventionally regarded as defective is now regarded as a probl em and
hi gher quality is required. SUMMARY OF THE | NVENTI ON [ 0024]

The present invention ains at providing a manufacturing nethod of a
gl ass substrate for a magnetic recordi ng nedi um having a high gl ass

strength by reduging,a ?aﬁa%@(_aﬂ?r%cﬁ Orralaltg(hi P)g1qL a0 gd Patse“srgﬁfe
to reduce a forei'gn nmatter on amai’'n°strtace and & MEgnetT e  recor di ng

medi um  whi ghe US@S nadrghasspeURRLAks iﬁ@%ﬁ%ﬁ%%@q‘nﬂnéﬂe A polishing
ma [ 0025] To

manuf act uri ng nmethod, to reduce ther asperity.

achi eve thepahove-orentbongss PUNPASASE i d W BALOLS i clrR8 1PF &SR M hereof
i nvention thought that instead of shape-processing by coring or

scri be usi ngsamroxdshoneyuseldirina rt Bieaponwent & anabufet hod: dyn fetriegbe
cracks are caused to occur in various directions froman edge surface
of a gl ass whehmashaperprdcess pglishtay ravedagat , Rowrtdck pyss dfethe
caused to occur only in a direction to be cut when cutting a gl ass.
As a resul t glehe | FHREIGLS dé€ldednd o Uxe lPedéphingcabrsesh drifdck are
occur in a directjon aorthogonal to a main surface of a gl ass

Sk§ 5PBSt o

substrate aRBPTOCRATGNePaT ask®saBstd At 83V THUSC kS rAEEhRE

abt asShdBSu B2UTHUSY e B J
Curtace of fheogt sk EERHAIGE PRt G atbGRbi SR, pPaceeragers

carried out %1%%"5%@%2 eaegrlioggﬁﬁé.t%%%&f?stﬁ%%\gf%@ﬁ%ezo%iﬁ@é@ngy

use of dianon rain. pherical” center shing i's carrie
out to fOr”b§?59@@ﬁéiiéﬁkfﬂH§EH%*tH@"é%ﬁ%%@%‘%%r%@oﬁf%%e&ha@réﬁk%dba
c

various directions inside of the glass when Cchanfering processing’is
carried out sup926bf the glass substrate 101 is pclished by the polishing
brush 102z. Moreover, at the contact portion of the glass
substrate 101 and the polishing brush 102, a nozzle 103 is
closely positioned and an abrasive compound including a loose
grain is provided.
[0020]

FIG. 11 is a partially enlarged view of a polishing
pesition. As shown in FIG, 11, there may be a case where mirror
polishing is not sufficiently carried out because the polishing
brush 102 does not reach deep into & groove 1l1l2a formed by an
adjacent chamfering portion 112. It is considered that this
is because é fiber 120 of the polishing brush 102 can hardly
reach deep into the groove, Ifmirrorpolishingis insufficient,
an effect to prevent generation of dust or suction of a particle
is decreased and that may be a cause of generation of thermal

asperity if the glass substrate is used as a magnetic disc.

(G021]



That is, a manufacturing method of a glass substrate for a magnetic
recordi ng nmedi um according to the present invention is characterized
by | aser processing a glass plate to formthe shape of a gl ass
substrate and at the sane tinme to forman edge surface of the glass
substrate. [0027] According to this nmethod, it becones

possi ble to prevent cracks fromoccurring fromthe edge surface of
the glass to various directions inside the glass and to reduce a
darmage (a crack or a chip) on the edge surface. Therefore, it becones
possi bl e to reduce farsirgivenatbers, ontt he mapossilrfeade causedibytay
particle caught by the damage on the edge surface and at the sane
time to obt &FMO%e (I asagighdfr aXEc G 4 Faghketdre thecBLde njunEdiuRy 2

havi ng hi gh gl ass stren t h. %0 28! In the above-nentioned
nanufacturlﬁ@”ﬁ%ﬁ?kﬁf a §Pss aPé f%ﬂaﬁ?ﬁﬂﬁﬁﬁéﬁﬁéngeébr&#ﬁés
medi um a chapfering,sur surface of .the

ol ass substrate 1/ Mef%a?gc%%e?cffi%sl F%h”%ga %eggﬁ?% IR S
met hod, msdl 'rQHﬁ dad{ eggw ﬁlw eﬁgt Slass.cae @Aee glass

prevented ere ore t 'S

preferabl e. 5L99@9a1te b a rotTeh_ey Hﬁ%}?hbﬁmg e%rbqla@,gve%dﬂmw% ltnhﬂudln
present invention |nc¥udes a glass substrate for a magnetic recordlng

medi um nanutacbysedyhyid.he above- nenti oned manufacturing method of a
gl ass substrate for a magnetic recording nedium and a nagnetic | ayer
formed diredbbg2dr via another |layer on the glass substrate. [0030]

Moreover, along with the high recording density and
diversification of use of a magnetic disc in recent years, a
smaller magnetic disc has been used. For example, in a small
glass substrate used for a 1.8-inch magnetic disc, a hole in
the center portion thereof also becomes smaller and therefore,
it is difficult to appropriately mirror-polish an inner
circumference edge surface thereof by a rotary brush. Moreover,
because a small-size magnetic disc becomes thinner, it is more
difficult for the fiber 120 of the polishing brush 102 in FIG.
11 to reach deep into the groove and it becomes more difficult
to carry out appropriate mirror polishing.
i0023]

Further, along with the diversification of use c¢f a
magnetic disc, higher guality in a level different from that
of the conventional one is required of a glass substrate for
a magnetic disc. For example, in a magnetic disc of a high speed
rotation type with a rotation number of 5400 rpm or more or a
magnetic disc used for a mobile phone or the iike which may be

damaged when used, even a smaller damage becomes a problem



According to this magnetic recording nedium it is possible to use a
gl ass substrate for a magnetic recordi ng nmedi um havi ng no danage on
an edge surface thereof. Therefore, it becones possible to reduce
thermal asperity caused by a foreign matter on a main surface and to
provi de a magnetic recordi ng nedi um having high strength. [0031]

In the manufacturing nmethod of a glass substrate for a magnetic
recordi ng medium according to the present invention, a crack is

caused to occur b se of laser jn a direction orthogonal to amain
surface of CRE*BTOdTesHBRTTArEY RBFEBYert SEgHREH 5 hanf RrAthg on-

processi ng. BaChANCLLRgULL 68 S OLURL, DY, sEherical conteroc:c

pol i shi ng. r , Ccracks are Preve

occurring fpyomthe redge §g§£as%s%a£9%e&|oaé§ ttnkgn%%&i,oy§mggﬁsﬂ&a%§e

i nside the glass when sﬁape processing or chanfering o e gl ass
substrate i sayCiuseeliraitand iThe PEEONES FPOSSIA f, 02 lREdee darrgex(a
crack or a chip) on the edge surface. Therefore, it becones possible
to reduce forea gnipathecs was itdiecarionvsut f acel loavsedrdyd asprrficicel ee
caught by the danage on the edge surface and at the sane tine to
obtai n a gl dssnsubztaeariedf s a gregpdetn end ecighdimguaedi wn haviaug rhidgh
gl ass strength. Moreover, because foreign matters on the main surface
are reduced in the magnetic recordi ng nmedi umusing the gl ass

substrate, it becones possib] reduce thermal_asperity. BRIEF

DESCRI PTI ON OF THE DRAW NGS QA %%e%ggr S Ures of novel ty
whi ch charaﬁésﬁ% e the invention are pointed out with particularity
in the clai attached to and formng a part of this specification.

For a better undepss anding: ofnihe s LAV QR pidei PR athd\lifacturing

advant ages, and specific objects attained by its use, reference
shoul d be hadth8dthe AQAERARNLBY- AWM sandgdesCEi PEEyed IMRE k1A

which there is illustrated and described a preferred enbodi nent of

the inventi @Aaving a high glass strength by reducing a damage {(a crack or
a chip) on an edge surface to reduce a foreign matter on a main
surface and a magnetic recording medium, which uses a glass
substrate manufactured by the manufacturing method, to reduce
thermal asperity.
(00251

To achieve the above-mentioned purposes, inventors ¢f the

present invention thought that instead of shape-processing by
coring or scribe using a grindstone used in the conventiocnal
method by which cracks are caused to occur in various directions
from an edge surface of a glass when shape-processing is carried
out, a crack must be caused to occur only in a direction toc be
cut when cutting a glass. As a result, the inventors decided
to use laser to cause a crack to occur in a direction orthogonal

to a main surface of a glass substrate and to cut the glass

substrate. Thus, it became possible tc prevent cracks from
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[FIG 1)A view for show ng an external view of a magnetic disc in an
enbodi nent of the present invention. [FIG 2]A view for explaining a
| aser scribe in the enbodi nent of the present invention. [FIG 3]A
view for explaining a spherical center polishing apparatus in the
enbodi nent of the present invention. [FIG 4]A view for explaining a
gl ass plate of the present invention.

occurring in various directions from an edge surface of the
glass to inside of the glass when shape-processing is carried
out. Moreover, chamfering is carried out without polishing by
use of diamond grain. Instead, spherical center polishing is
carried out to form a chamfering surface. This enables to
prevent cracks in various directions inside of the glass when
chamfering processing 1s carried out.

[00z6]

That is, a manufacturing method of a glass substrate for
a magnetic recording medium according to the present invention
is characterized by laser processing a glass plate to form the
shape of a glass substrate and at the same time to form an edge
surface of the giass substrate.

[D027])

According to this method, it becomes possible to prevent
cracks from occurring from the edge surface of the glass to
various directicns inside the glass and to reduce a damage (a
crack or a chip) on the edge surface. Therefore, it becomes
possible to reduce foreign matters on the main suriace caused
by a particle caught by the damage on the edge surface and at
the same time to obtain a glass substrate for a magnetic
recording medium having high glass strength.

[0028)

In the above-mentioned manufacturing method of a glass
substrate for a magnetic recording medium, a chamfering surface
may be formed on an edge surface of the glass substrate by

spherical center polishing. According to this method, cracks

11



(FIG 5]A view showi ng an external view of a transverse rupture
strength test apparatus in the enbodi nent of the present invention.
[FIG 6]A view for explaining shape processing of a glass substrate
usi ng a conventional core drill. [FIG 7]A view for expl ai ni ng shape
processing of a glass substrate using a conventional scribe. [FIG

8] A view for explaining conventional chanfering processing of a glass
substrate. [FIG 9] A view for explaining conventional chanfering

in variocus directions inside the glass can be prevented when
chamfering and therefore this method is more preferable.
{0029}

The magnetic recording medium of the present invention
includes a glass substrate for a magnetic recording medium
manufactured by the above-mentioned manufacturing method of a
glass substrate for a magnetic recording medium and a magnetic
layer formed directly or via ancther 1layer on the glass
substrate.

{0030]

According tce this magnetic recording medium, it is
possible to use a glass substrate for a magnetic recording
medium having no damage on an edge surface thereof. Therefore,
it becomes possible to reduce thermal asperity caused by a
foreign matter on a main surface and to provide a magnetic
recording medium having high strength.

[0031]

In the manufacturing method c¢f a glass substrate for a
magnetic recording medium according to the present invention,
a crack is caused to occur by use of laser in a direction
orthogonal to a main surface of the glass substrate. Moreover,
regarding chamfering processing, a chamfering surface is formed
by spherical center polishing.

[0032])

As a result, cracks are orevented from occurring from the

edge surface of the glass to various directions inside the glass

when shape processing or chamfering of the glass substrate is

12



processing of a glass substrate. [FIG 10]A view for explaining a
conventional edge surface polishing apparatus for a glass substrate.
[FIG 11]A view for explaining a conventional edge surface polishing
apparatus for a glass substrate. The Best Mdde for Carrying Qut the
Cl ai med I nvention [0033] Her ei nafter, an enbodi nent of the
present invention will be explained in detail with reference to
attached figures. Here, in the follow ng explanation, a case where a
gl ass substrate manufactured by a manufacturing nmethod of a gl ass
substrat e forraiehgnet ded rigcbrdbngs medistiiml accondiduget datdg: grbodament
of the present invention (hereinafter sinply referred to as a "glass
substrate")or$ apptl ed the adgalssiniace. f dhexedagretiicbdrome swvioshibse
one of magnetic recording nmedia used for a hard disc drive (HOD) or
the like wiFP BRAEFow T He W&t tetie Opr é8&nfhaitAvertiane Fauped Sy a
limted theé&%é&cle caught by the damage on the edge surface and at the
same time to obtain a glass substrate for a magnetic recording
medium having high glass strength. Moreover, because foreign
matters on the main surface are reduced in the magnetic
recording medium using the glass substrate, it becomes possible

to reduce thermal asperity.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features of novelty which characterize the
invention are pointed out with particularity in the claims
attached to and forming a part of this specification. For a
better understanding of the invention, its operating advantages,
and specific objects attained by its use, refersence should be
had to the accompanying drawing and descriptive matter in which
there is illustrated and described a preferred embodiment of
the invention.
[FIG. 1] A view for showing an external view of a magnetic
disc in an embodiment of the present invention.
[FIG. 2} A view for explaining a laser scribe in the
empodiment of the present invention.
[FIG. 3] A view for explaining a spherical center poclishing
apparatus in the embodiment of the present invention.
IFIG. 4] A view for explaining a glass plate of the present

invention.
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[ 00343 FIG 1 is a view explaining structure of a gl ass
substrate manufactured by the manufacturing nmethod of a gl ass
substrate according to the enbodi nent of the present invention. In
FIG 1, a glass substrate which is a base of a magnetic disc used for
a magnetic recordi ng nmedi um such as a hard disc drive (HDD) is shown.
As shown in FIG 1, a glass substrate 11 is a ring-shaped glass on
whi ch a round-shaped hole (hereinafter sinply referred to as a
"hole") 12 is formed at the center of a disc-shaped gl ass substrate.
On an out ert EiCr-cAif er encd eportpyand anfertrenglagdesubst » at varidvense

pl ane surface 14 and a chanfering surface 15 are forned. Simlarly,
on an i nnerrYWWtRERHTEIEEAEE G56TTt FRIR IBG USal pl ek s Bt ¢F thedpzesent
chanfering surface 18 are fornmed. [0035] Details of the

manuf act ur i'My*RELRBA of a gl ass substrate for a magnetic recording

medi um accordi.ng to the enbodi ment .of the present invention wll be
doscribed 1HEEr o6 Pondb i SR E T a1 ane BT RE BrotRETTRA Rea™ 4

et hod i ncliides (L) u8u 48 aPRIdIGBEeRnl R SLAP digake up thi ckness of

gl ass pl ates. Dependi ng on the necessity, i's'step includes a first

and a second1rappi ng SHERR) foik %)xgg@@iﬁﬂﬂ@ SHfageo 05 M Y o3t 8Py (A s
step for formng a final edge surface of the glass substrate for a
magneti c r eaisdiragemedi s byshape1prot essting .and
chanfering-processing the glass plate to produce a ring-shaped gl ass
substrate);[KI8) &lsurfraceipol fshi rgpsbépifdi cehvandi seclondhapidrishi ng
steps); and (4) a chem cal strengthening step (depending on the
necessi ty) PIOE36}Ng of a2 glpashewrahadbet uri ng met hod of a gl ass
substrate according to the enmbodi nent of the present invention, shape
processi ng i'¥5ardi ed fouti®y Se SFPAZFRALRY SEPFPRTiMihechilecring
surface form ng steﬁ tg forlmfi na% gd%e surfaces of plain surfaces 14
and 17 to SBCAFASHIRAPT lge if £4C85 8  chanf eri ng surfaces 15 and

[136 3§]er ei nafier, 1hhe edge.surfAc ot M Ag SteRvihiloDe explalnetce

polishing apparatus for a glass substrate.
[FIG. 11] A view for explaining a conventional edge surface

polishing apparatus for a glass substrate.

The Best Mode for Carrying Out the Claimed Invention
[C0O33]

Hereinafter, an empodiment of the present invention will
be explained indetail with reference to attached figures. Here,
in the following explanation, a case where a glass substrate
manufactured by a manufacturing method of a glass substrate for
a maghetic recording medium according to the embediment of the
present invention (hereinafter simply referred to as a “glass
substrate”) is applied to a substrate for a magnetic disc which
is one of magnetic recording media used for a hard disc drive

(EDD) or the like will be shown. However, the present invention
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Principle of a |laser scribe used in the shape processing of a glass
plate in the manufacturing nethod of a glass substrate for a magnetic
recordi ng medi um according to the enbodi nent of the present invention
wi |l be explained using a figure. [0038] FIG 2 shows a
schemati c di agram of an apparatus for cutting the glass by the | aser
scribe. The apparatus includes a |laser 23 for irradiating | aser beam
to a glass plate 21 to be cut, a refrigerant jet 25 for cooling a
surface of the glass plate 21, and a noving nmeans for retaining the
gl ass pl at e21C nél%\g?ﬁgﬂﬁf’eﬁt@-ass plate 21 to a predeternined

di rection o[rb gg? pl ane surface (not shown). The refrigerant jet 25 is
provided to o5l a portion of the surface of the glass plate 21 where

aser beam s iread ated uhen the SlAss Bl als 2 apres.. 10038l 7o, ou

the glass plate by use of apparatius, a trig cr

whi ch {1 9ges8, 58k LDeq TSy LALMReh h A cubbefo wbeebeof dibed LigoAlaa

point on the glass plate e cutting 1s started "and | aser

i rradiat ed ddriatgho Bhe ddoddi@edhass tBkat L hd Sniovedot 0 theprg.
direction of an arrow A in that condition, a |laser spot 24 which is

an area wher.e al gsess beamnyrs ter vadeat &d f paset be d agehe23cnayes ied he
glass plate 21. The area which was heated by the irradiation of the
| aser beamiisr gocloeethy tdrrdhm gedant speb a2ba the rgedes atde iokaliED)i n
internal distortional stress in the glass plate 21 and thernal
di storti on igcctrgn-[ 0@wo]shown in [Hi&-t Gt W Jktdeer malbsdizster tlilon,s &
crack (perpendicul ar crack) is gf’srnerat ed by the trigger crack 22 in
the directiofIgerperd etdst 1o "Thélsar rarrdoinansd §rass (pragenditerthe
perpendi cul ar crack.grows along the.trajectory of the |laser spot %3
on the gl asssl“@ié’t _Jéeﬁ%%%lgoﬁé’ #th t}ﬁ’&errgvgfdfs %ﬁ’emﬁ?ﬂa%g tg\eafzgn i dtd a
scribe ling 26 {lifne o theRerpeadigplar gfagk) ol5.9en8tahide L0041
portion 13 of the glass substrate 11, a plane surface 14 and
a chamfering surface 15 are formed. Similarly, on an inner
circumference portion 16, a plane surface 17 and a chamfering
surface 18 are formed,
[0035]

Details of the manufacturing method of a glass substrate
for a magnetic recording medium according to the embodiment of
thepresent inventionwill be described later. However, totell
the outline of the method, the method includes: (1) a wrapping
step (a step to make up thickness of glass plates. Depending
on the necessity, this step includes a first and a second
wrapping steps);: (2) an edge surface forming step {a step for
forming a final edge surface of the glass substrate for a
magnetic recording medium by shape-processing and

chamfering-processing the glass plate to produce a ring-shaped

glass substrate); (3) a surface polishing step (first and second

15



If the glass substrate is cut after form ng a perpendicul ar crack by
this method, there occurs no crack (damage) on the edge surface of
the gl ass substrate. Therefore, polishing on the edge surface is not
necessary and the edge surface can be used as a final edge surface of
a glass substrate for a magnetic recording nedium [0042] To process
the substrate to be disc-shaped, trajectory of the |aser spot may be
noved roundly with a predeterm ned di aneter on the glass plate 21. An
exampl e where the |aser 23 is fixed and the glass plate 21 is noved
was shown, HOMEVERY tHER dssapl atlé) 2B neyeHeEF] xsHramet 148 N%astieD3
may be nnve&kgégdﬁge Iasg 23 a OQ% llaser or the like is used. [0043]
Next, a spherical cantdr %%IT%%%H& dBparatus for forming a chanfering
surface wl|ydbgexplained. FIG 3 is a view for explaining a
spherical center polishing apparatus used for formng a chanfering

surface of a glags subst kaharkAriPedrepEtachUdMNg e %Oéu%%é@é

substrate for a nmagnetic recordi ng nedium according to the enbodi nent
of the preserdoridiventbothe[&Mdddinent of LRethee &pheritahte8nt eEhape

pol i shing apparatus shown in FIG 3 (a), a holder spindle 52 retained
by a hol derpshafstsiby téhroeughednowutogr uee R aoldedr Skajibanin nheredgag
collar 52a, a bearing 51b, and the like is fixed to a holder 53. On
the | ower efitkigoet iforymahat Iseeholtderfo88, fanelngdghapedfetastot plain
material 54 such as_an O-ring or a V-ring is provided and the elastic
mat eri al BAWE AT SCLAAEL L [thOAT S ibdriral o ¥ doF T96oF étfarhpRgeaing
gl ass SUbStguaxtf%c%% f?gggglré a ﬁggglne?gt'er, the edge surface forming step
will be explained.
[0037]

Principle of a laser scribe used in the shape processing
of aglass plate in the manufacturing method of a glass substrate
for a magnetic recording medium according to the embodiment of
the present invention will be explained using a figure.
[0038]

FIiG. 2 shows a schematic diagram of an apparatus for
cutting the glass by the laser scribe. The apparatus includes
a laser 23 for irradiating laser beam te a glass plate 21 to
be cut, a refrigerant jet 25 for cooling a surface of the glass
plate 21, and a moving means for retaining the glass plate 21
and moving the glass plate 21 to a predetermined direction on
one plane surface (not shown). The refrigerant jet 25 is
provided to cocl a portion of the surface of the glass plate
21 where laser beam is irradiated when the glass plate 21 moves.

(0039)

To cut the glass plate 21 by use of this apparatus, a
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[ 0045] A polishing plate 61 including a dianond pellet or a
pol yur et hane sheet is connected with a tool adapter 62 and a shaft
adapter 63 and is fixed to a tool spinning spindle (not shown). The
polishing plate 61 is rotary driven in the direction shown by an
arrow 64 by the tool spinning spindle and is reciprocally noved in
the direction shown by an arrow 65 wth the spherical center of the
formed spherical surface as center of reciprocal novenent. [0046]

If the polishing plate 61 of the spherical center polishing apparatus
t hus confl66#@69F55¥%3i6208§PF9 %%Vﬁﬂﬂﬁnsﬁﬁébﬁﬂﬁéépr@ﬁdshbmm<b¥¢ﬁﬁe

arrow 65 mh | e rotaé ng,in the djrecti Tomn by the arrow 64, the
pol i shing J S?é Wo&8& ot ecdme ﬁ’?}‘crbt €8 t( g W?Wlé‘tﬁa?%wgﬁfﬁdﬁgt&ﬁﬂ

t i d f th | trate .5

o oo e AT SEERCS SHEE 1ELo0E O S tatE S B enct TBs
f f .t b 5 f

surface o 1Q§59¢§aﬁéeg?§ §§rnﬁ'>tv%d éo'&ggahkégg 4 Qs A oqﬁanié? hfgq

sur face because ass substrate processe ane to a

processi ng -sphgci 68l surdsacesRoofo4 m%l@@l g§haman@laanlﬁe§é 1$$ez beam
pol i shing on one side is finished, the glass substrate nay be turned

back so that chasfiestap skl age Iwaerb%f abtes Oan thkegotberpside.2 .
[ 0047] To forma chanfering surface on the inner circunference

edge surfafee argohirgskhngaphabec8bshbovnitredElaGiod ¢H)tHenthadt ngaa
di anond pal | et or a pol yurethane sheet on external side of spherical
surface maybecprépdr ed abet hefpdbieshithgl 91 at%e B1 v diwdte pdlanghki dg is

carried out on the external side of the spherical _surface. [0048]
internal distortional stress in the glass plate 21 and thernal

disteortion occurs.
(0040}

Due to this thermal distortion, a crack (perpendicular
crack) 1is generated by the trigger crack 22 in the direction
perpendicular to the surface of the glass plate 21. The
perpendicular crack grows along the trajectory of the laser spot
24 on the glass plate 21 along with the move of the glass plate
21 and 2 scribe line 26 (line of the perpendicular crack) is
generated.

[0041]

If the glass substrate is cut after forming a
perpendicular crack by this method, there occurs no crack
(damage) on the edge surface of the glass substrate. Therefore,
polishing on the edge surface is not necessary and the edge
surface can be used as a £inal edge surface of a glass substrate
for a magnetic recording medium,.

[0042]

To process the substrate to be disc-shaped, trajectory
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If the chanfering surface is fornmed by the spherical center

polishing in such a manner, cracks do not occur inside the glass in
various directions when chanfering processing is carried out. [0049]
Here, it is preferable that the chanfering surface is fornmed by the
spherical center polishing after shape processing by a |l aser scribe.
However, the chanfering surface may not be fornmed. Because the edge
surface forned by the | aser scribe has no damages, polishing thereof

is not required. |In that case, the chanferugg_sunface form ng step
can be oni ttfedn&nd2tte A& YoPesPepsd citise v ddiieed. PEOSD]rmined
Next, a magnetic recor ing nedi%n1according to the Rresent i nvention

will be expl&RERT OFhé fradhets &' FEE0T i ng” MEtiihcor "ehe Piedantr 23

i nvention Hﬂgkugg ggjl§%§t a_m Pq;i | ayer forned on the Qlass
substrate mandfAactuied By tgr%ésgb%vae-en%r‘}t FBNAA FRNGFast I P ngm M Hdd of
a gl ass SUtﬁxtergigss %qgéébl may belpiig‘bea gﬂ-%'l% LECHE ar}gbgqgc!\}é@pf
the present 1 nvention, since there I's no damage Fa crack ‘or a chip)
on the edgesunbacgsof ihe BS80S F AR 1 kebeSONBSy pOSSi bl e to

reduce thermal asperity as well as to nmanufacture a magnetic
recordi ng nediagm havi ng hi gh glass strength. [0052]

Next, a spherical center polishing apparatus for forming
a chamfering surface will be explained. FIG. 3 is a view for
explaining a spherical center polishing apparatus used for
forming a chamfering surface of a glass substrate in the
manufacturing method of a glass substrate for a magnetic
recording medium according to the embodiment of the present
invention,
[0044]

In the spherical center polishing apparatus shown in FIG.
3 (a), a holder spindle 52 retained by a holder shaft 51 through
an outer ring collar 51a, an inner ring collar 52a, a bearing
51b, and the like is fixed to a holder 53. On the lower end
portion of the holder 53, a ring-shaped elastic material 54 such
as an O-ring or a V-ring is provided and the elastic material
54 is in contact with a substrate holder 56 retaining a glass
substrate 55 through a sheet 57.
[0045]

A polishing plate 61 including a diamond pellet or a
polyurethane sheet is connected with a tool adapter 62 and a
shaft adapter 63 and is fixed to a tool spinning spindle (not

shown) . The polishing plate 61 is rotary driven in the
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The magnetic recording nmediumis normally manufactured by
sequentially lam nating a foundation |ayer, a magnetic |layer, a
protection layer, and a lubrication |ayer on a glass substrate.

Mor eover, the magnetic recording nediumis nornally manufactured by
sequentially lam nating a foundation |layer, a magnetic |layer, a
protection layer, and a lubrication |layer on a glass substrate which
has predeterm ned fl atness and surface roughness and is chemcally
strengt hened dependi ng on the necessity. Here, the foundation |ayer
of the magmktriectiegoitdivmgb pedi amrof 6dhey phesentl spventr@mpisdle and
appropriately sel ected depending on the magnetic | ayer. [0053]

As the fourdat?orPYeaAdrly BoYslht dticont ¥ eidon edvbrgrast feadt wite of
nonmagnetic nmetals selected frao for exanple, C, M, Ta, Ti, W V,
B, and A, C&n e, CFHt%’é%mB*Fetfﬁémﬁ&g%%r&qaéy%?rfw ddi 7RMCS as
mai n conpon Ly i.triosaPrrgf,\germ%tl)ll,e that the magnetic |ayer includes
only Cr or aICfLBy 77 om 1ewpoi'nt of inproving nmagnetic

characteri stjogg) Moreover, the foundation layer is not limted to a
single layer and may be nulti-layered structure including | am nated
same or differentel ayer ssolRahioxamplfe M tbrl ayer edhfoundat i o, dayer
such as O /C, O/C M, CG/CV, Cy/Cy, AI/C/CrM, AITCTCr,

Al /CrlCry, pandsAbhEr ypixyataan thest den fiapndat i onrd @yoc10054bved in
Mat erial of the magnetic |ayer of the magnetic recordi ng nedi um of

t he presentthienviémeiconons shovnebpetchal kyrd¥ nbd edhiAs tdwe: miagnetn che

| ayer, for example, CoPt, CoCr, CoNi, CoN Cr, CoCrTa, CoPtCr, and
CoNi Pt i ncldidiergicn alkovnicy Ebpporent 64orthrmgaét beinhim oftid dpsadirtas
CoNi CrPt, CoNi CrTa, CoCrTaPt, and CoCrPtSi O can be used. The_ magnetic
layer may K&PE &"tmAII-ACayBt BRiSt FACR WTH(EF. 2CHRMUGSCF Vb ephrignce

edge surface of the glass substrate 55 and only an angle made
between the main surface and outer circumference edge surface
of the glass substrate 55 i1s polished to form a chamfering
surface because the glass substrate 55 to be processed 1s plane
to a processing spherical surface R of the polishing plate 61.
If polishing on one side is finished, the glass substrate may
be turned back so that chamfering surface may be formed on the
other side.

[0047]

To form a chamfering surface on the inner circumference
edge surface, a polishing plate 67 shown in FIG. 3 {(b) including
& diamecnd pallet or a polyurethane sheet on external side of
spherical surface may be prepared as the polishing plate 61 so
that polishing is carried out on the external side cof the
spherical surface.
foo4as]

If the chamfering surface is formed by the spherical
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CoCr TaPt/ Cr Mo/ CoCr TaPt, or the like) aimng at reduction of noise by
dividing a magnetic filmby a nonmagnetic film(e.g., G, CM, OV,
or the like). [0055] A magnetic | ayer corresponding to a
magnet oresi stive head (MR head) or a giant magnetoresistive head (GWR
head) includes inpurity elenment selected fromY, Si, rare earth

el enment, Hf, Ge, Sn, and Zn or oxide of these inpurity elenents to be
included in Co systemalloy. Mreover, other than the above, the
magnetic | ayer may include a granular filmhaving a structure that
magnet i ¢ pataritelreBo sigthiras iResuciy,a Fatoer ant 2CHN @9 rarte odicy pefrsaidia n
a nonmagnetic filmincluding ferrite system netal-rare earth system
Si 02, or BNEREFgrERErN VRELABYIBLECTLG) IRy ChAMERBL NG SFOLEESING 15

| ongi t udi nal recordng or for perpendicul ar recording. (0056)

The prot ecti®dFFEy8F i n the magnetic recording medi um of the present

i nvention iﬁxﬂ%t especially limted. The protection |ayer includes,
for exanple, a ér film a C alloy film a carbon film a zirconia

film a silica filmangd the like afhesenpr Oéxf'ec_td%ffeir!iﬂg Capshe s
sequentially formed by an in-line type sputtering deviceée together

with the fowsedwpchagghertBel RgRetigiliayehg ANt fitadd k€ocessing
Moreover, the protection |ayers may be single-layered or

mul ti - | ayeriedahbadeng ssatree or Hdiwkfrerenthef bhasfef DD Blurface may hat thee
present invention, another protection |ayer nmay be fornmed on or

i nst ead of fdwmmeph otléetdume [CagerdoForurheanpliern¢d@steddeoflashe scribe
protection |ayer, a silicon oxide (Si02) filmmy be formed by

di sper si ng ¥ POFGRRISHI POAIABLRE (€8P h 1t ahPRokyFAn WAICHTt @ se,

ghiﬁfﬁg P¥ lCOhOlf%%Ehgssgg gggnfofaﬂﬁdng%plgagnbg g%i%%éé”aéﬁ“%he

number of steps can be reduced.
[0G50]

Next, a magnetic recording medium according to the
present invention will be explained. The magnetic recording
medium of the present invention includes at least a magnetic
layer formed on the glass substrate manufactured by the
above-mentioned manufacturing method of a glass substrate.
f0051]

In the magnetic recording medium cf the present invention,
since there is no damage (a crack or a chip) on the edge surface
of the glass substrate, it becomes possible to reduce thermal
asperity as well as to manufacture a magnetic recording medium
having high glass strength.

[0052]

The magnetic recording medium is normally manufactured

by sequentially laminating a foundation layer, a magnetic layer,

a protection layer, and a lubrication layer on a glass substrate.
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The lubrication layer in the magnetic recordi ng nedi um of the present
invention is not especially Iimted. The lubrication layer is forned
by, for exanple, diluting perfluoropol yether (PERE) which is liquid

| ubri cant agent by freon system sol vent, applying the diluted

| ubricant agent on the surface of a medium by di ppi ng nethod, spin
coat nethod, or spray nethod, and dependi ng on the necessity,
carrying out heat processing. [0059] As descri bed above, in

t he magnetic recordi ng nmedi um according to the present invention, a
gl ass subst¥aieEnuf dtaur dtpdetilve alsovedipat | onddumandbachorinagly
met hod of 3g%{a S substrate for a magnetic recordi ng nedi um accordi ng
to the pre BARRIGECORY iSeisad 2 FhEIergrating q Soppdatbre hayeredace
generation of ther asperit d. to.manuf act ur etic

|
recor di ng rr%%qnu%lﬁ;gg? 8rhiagﬁréT%€tslo§i }gﬁﬁfh.anﬁoﬁgﬂ%r[{%ggbaﬁﬂéﬁejr on
Her ei naf j i | arif h ff f _th
bresent. i nvbdinss i Ee fA Ry Med el R s £hE

wer e nanufact&?éd g& t he follomfhg sgéggfgﬁgkﬁﬁ% OF?gafﬁgﬁi SnOLRE

expl anat i onmeddssAX3NP| eHvhel e tde?. BolAdt iGrassapabstiat énd Ohadnet ic
magneti c recordi ng nmedium and a magnetic disc are manufactured w |
be expl ai nedecHgiiememedilie pfesant pravent | omvdrsinet iespegirablyately
limted thereto and nmay be applied to a 1.8-inch or 3.5-inch glass
substrat e a¥RlstUpsgrlerraddngcon [J@6Tjagnetic layer.

[0053]

As the foundation layer, a foundation layer including at
least one of nonmagnetic metals selected from, for example, Cz,
Mo, Ta, Ti, W, V, B, and Al, can be used. In case of the magnetic
layer including Co as main component, it is preferable that the
magnetic layer includes only Cr or Cr alloy from viewpoint of
improving magnetic characteristics. Moreover, the foundaticn
layer is not limited to a single laver and may be multi-layered
structure including laminated same or different layers. For
example, multi-layered foundation layer such as Cr/Cr, Cr/CrMo,
Cr/Crv, Crv/CrV, Al/Cr/CrMo, Al/Cr/Cr, BAl/Cr/Crv, and
Al/CrV/CrV can be the foundation layer.

[0054] |

Material of the magnetic layer of the magnetic recording
medium of the present invention is not especially limited. BAs
the magnetic layer, for example, CoPt, Colr, CoNi, CoNiCr,
CoCrTa, CoPtCr, and CoNiPt including Co as main component, or
magnetic thin film such as CoNiCrPt, CoNilrTa, CoCrTaPt, and

CoCrPt5i0 can be used. The magnefic layer may have a
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(1) First Wapping Step First, a nmulticonponent glass plate

i ncl udi ng anor phous gl ass was prepared. Type of the glass is

alum nosilicate glass. The glass plate was fornmed by float nethod and
has a sheet shape with the size of 150 x 150 x 0.8 mm [0062]

Next, both main surfaces of the sheet-shaped glass is

wr appi ng- processed to make a di sc-shaped base gl ass material. The

Wr appi ng process is carried out by an apparatus for both surfaces
wrappi ng usi ng.planetary gear chani sm and al um na tem | oose
grainis u§@3€‘8k%¥???%alIi%”ﬁ#%ﬁﬁ?ng ptat%en is SF@%&%ZCB%Q+FQ$%H$tOp
and bottom haped. gl ass rinding.fluid containing | gose
grainis s&%%ﬁ?ggtgﬁﬁ$%g§nalnqur?gcgh%fiﬁﬁg shee gsﬁgpg%%ﬁﬁﬁ§%,oénd

they are relativie) viveuedytp m%%ﬁé¥i9?ﬁill§n2§\/lg ae%&glmﬁi%mm By gfc.hi S

wr appi ng process,” a gl ass base " materia ing snmooth main surfacé is
obt ai ned. [0Q63}ué2)cEdgesunfaaekkorm ng step This step is
for shape processing the glass plate to be a ring-shaped gl ass
substrate dm@s60r formng a final edge surface of the glass substrate
for arnagnetic recording medium This step includes an external shape
form ng step by amkgserisdrivbe qZrEppanding thanheygieip sirifsaceefier ng
step by spherical center polishing (2-2). [0064] %2-1) Ext ernal shape
formng st e(ﬁIRbg,echsglr & FLppé magnetoresistive head (GMR head} includes

impurity element selected from Y, Si, rare earth element, HFf,
Ge, Sn, and Zn or oxide of these impurity elements to be included
in Co system alloy. Moreover, other than the above, the
magnetic layer may include a granular film having & structure
that magnetic particles such as Fe, Co, FeCo, and CoNiPt are
dispersed in a nonmagnetic film including ferrite system,
metal-rare earth system, Si10;, or BN. Further, the magnetic
layer may be one used for longitudinal recording or for
perpendicular recording.

[0056]

The pretection layer in the magnetic recording medium of
the present invention 1s not especially Ilimited. The
protection layer includes, for example, a Cr film, a Cr alloy
film, a carbon £ilm, a zirceonia film, a silica filmand the like.
These protection films can be sequentially formed by an in-line
type sputtering device together with the foundation layer, the
magnetic layer, and the like. Moreover, the protection layers
may be single-layered or multi-layered having same or different
films.

[0057]

| o]
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A plane view of a glass plate after first wapping is carried out is
shown in FIG 4. In the figure, an area 32, which is to be a main
surface of a glass substrate for a magnetic disc, on the main surface
of a glass plate 31 is surrounded by dotted |ines and shaded.
Principle of the | aser scribe is described above referring to FIG 2.

[ 0065] First, to draw a scribe line (line of perpendicul ar
crack) along the outer circunference of the area to be a gl ass
substrate, a triﬁger crack was, nmade in a predeterm ned spot 33 on the
outer circunfer ente 15y PXCERE et VfEEION: ThEhNSF REtGiass PRel gy s ray
plate 31 with enter point 34 o he outer, .circunference as_center
of rotationc Fg@‘g C[Pios rrlélgitgfaédo% rtt(k)ll% RHE- A géyfr\ﬁtar “Ehe* 115 gger
crack was h : { rradi ati.on. | aser. i,s.:600led by
refrigeran?gﬁgfagog¥g?ﬁ? s?%?gégﬁi%égégn% Fﬁglg§%6%§§&i§%ﬁ§ﬁfsjgﬁp

when the |ifg s A awa &CidiGers98d kLasesides dsed-asnd N Jiasersn
| aser out put was 70W and noving speed of the substrate at the outer

ci rcunf er ence rwas k3 Q0 secict 0066l luted by EheBhol heegl @sssql aig 31
is torn along the scribe line by hot pressing to cut out an area to
be a gl ass agphstingt et $006 7 r film, aNexibyrrind drem a hol e of the gl ass
substrate, a trigger crack was nade in a predeterm ned spot 35 on the
i nner circufféBénce of the area to be a glass substrate. Thereafter,
simlarly to the above, a scribe line was drawn al ong the inner
circunference antt heRjigedisnniayet 6 wadectr I ot epPedénagneqd iowse]
In a case m@@r external_shape.af the gl ass subsIr%%P i s formed

e

the above- mentiBned” Fit Hod " Bt Bdge® g’b ateRe o WE%nd THer
i nf : . h i »
c it g, 0, o o s gherfan, B e 0d e

t herefore i shing of aces requi and

surf aces C%r@@ua,@sgo@feéﬂépl(p@@g@ Wi £12G RS 1 0& 1 8q MBANALG cdE§ent by
[ 0069] Here 1n the present enbodi nent, | aser was fi xed and 't he

gl ass pl at ewas §pétadredolkeneyefpplganr ety diQuithat 1ub e glxasgept are
may be fixed and the | aser nmay be rotat ed.
the surface of a medium by dipping method, spin coat method,
cr spray method, and depending on the necessity, carrying out
heat processing.
[0059]

As described above, in the magnetic recording medium
according to the present invention, a glass substrate
manufactured by the above-menticned manufacturing method of a
glass substrate for a magnetic recording medium according to
the present invention is used. Therefore, it is possible to
reduce generation of thermal asperity and to manufacture a
magnetic recording medium having high glass strength.

[0060]
[Embodiment]

Hereinafter, an embodiment carried out to clarify the

effect of the present invention will be explained. 1In the
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(0070] (2-2) Chanfering surface form ng step by spherical center
pol i shi ng Form ng of a chanfering surface was carried out by
use of the spherical center polishing apparatus shown in FIG 3 (a).
First, to forma chanfering surface of the outer circunference edge
surface, the glass substrate which was shape processed in the

previ ous step was set on the substrate holder 56 of the spherical
center polishing apparatus shown in FIG 3 (a) and spherical center
polishing was carried out. After polishing on one surface was over,
the gl ass SFESEPAIER/ESTEGEnet ThasR awstsateddn henassticat echolider

56 again for carrguyg out chanfering surface formng for the back
surf ace. [6@?irm n rRERELic disc were manufactured ™y the following

Sur fach, L REBOT1 SHing B at e T 08 CHEERRG Phal SPervermasl (dAFR

surface, tRe porishing plate

t hor : ! rer .
gﬁg%ai gSF%G@V\’%n%%)ﬁa%ds bR rhfe "Rl acRd hY: 1 08 RYISHIGNER! 3 &8

pol i shi ngwasgaghdedout Ryext emahshdeqfthesphers. « A tBmaR0! i ShidG on
one surface was over, the glass substrate was

t ur nedback andsgt e subet  dreholnder Soagainflgr caliridnghedt £ Aanferi ng
surface formng on the back surface. [0072] As descri bed

above, if &echapféetdngosariateinch far fed-hych gphssi sabsitenterand a
pol i shing apparatus, only the corner between the nain surface of the
gl ass substeanetanddi#e edge surface can be polished and therefore it
is possible to use a plane surface of the edge surface forned by the
| aser scriBE%h!t he previ ous step can be used as the final edge
surface of the Fagnet&c dLSC\gtrunn processi ng. Mreover, because
pol i shing i'$'nof *EaF PR i°F°Phe forming of the chanfering

surface, a or acksdpgs, B0k, QOO LM hE, ANBTLEL N AHLACES RN

i nside of the glass when proces
glass was prepared. Typecof theglassisaluminesilicate glass.

The glass plate was formed by float method and has a sheet shape
with the size of 150 % 150 x 0.8 mm.
[0062]

Next, both main surfaces of the sheet-shaped glass is
wrapping-processed to make a disc-shaped base glass material.
The wrapping process is carried out by ah apparatus for both
surfaces wrapping using plaretary gear mechanism and alumina
system loose grain is used. Specifically, wrapping platen is
pressed both from top and bottom of the sheet-shaped glass,
grinding fluid containing loose grain is supplied on the main
surface of the sheet-shaped glass, and they are relatively moved
to carry out the wrapping process. By this wrapping process,
a glass base material having smooth main surface is obtained.
{0063]

{2) FEdge surface forming step
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[0073] Thus, by the (2) edge surface form ng step, the glass plate
was shape-processed to a ring-shaped gl ass substrate. Because
external shaping was carried out by the |aser scribe and the
chanfering surface was formed by spherical center polishing, a crack
does not occur in the plane surface and chanfering surface on the
edge surface and therefore further polishing is not needed.
Therefore, the edge surface fornmed by this step can be used as the
final edge surface of the magnetic disc. [0074] (3) Second w appi ng
step Next Thos Hotth isufdacdspef prhee ¢ lask thabsia et eliahgsto be
obt ai ned, second w apping process is carried out in a sim.lar manner

as the fi rst WiEpSPAESEr 86883, ST iARG Sar fREMSREohd Wb S
t ha
Pormed on t%rsfr%‘” SLObE gt thic Sez%ia%?r%xeft?}%nfeﬁ%&%@@ wﬁw
are preCEdef}]t S 1y Vsa%ﬁeeél:‘gmél sﬁ%ga”efo%’%%' hled gi Lr
p yIO ot

foll ow ng po is step sur or

time. [0075«.:]ch% @ﬂ éHafaae arppéfl $PY B9rB1&Prorming %ﬁpwgghémﬁce

pol i shing step, first po I shing 'step was carrle out e first

pol i shi ng &kggewa§ogggﬁi@g outzyt.o the glass substrate after the
above-mentioned edge surface formng and is mainly ained at renoving

crack or dig @4t on remaining on the main surface after the w apping
step. A prelimnary polishing step was carried out by an apparatus
whi ch can pd-lshEbsehnsir $kages . Lokrhiagd stert hrane ggad sicmébadi ng
zi rconi um oxi de and cerium oxi de in advance was used as a
A plane view of a glass plate after first wrapping is
carried out is shown in FIG. 4. In the figure, an area 32, which
is to be amain surface of a glass substrate for a magnetic disc,
on the main surface of a glass plate 31 is surrounded by dotted
lines and shaded. Principle of the laser scribe is described
above referring toc FIG.Z
[0065]
First, todrawa scribe line (line of perpendicular crack)
along the outer circumference of the area to be a glass substrate,
a trigger crack was made in a predetermined spot 33 on the outer
circumference by a cutter wheel. Then, rotatingthe glass plate
31 with a center point 34 of the cuter circumference as center
of rotation, laser is irradiated from the point 33 where the
trigger crack was made, the area heated by irradiation of laser
is cooled by refrigerant jet to form a scribe line, and the
process is finished when the line has drawn a circle. C0; laser
was used as The laser, laser output was 70W, and moving speed

of the substrate at the outer circumference was 100mm/sec.

[0066]



pol i shing pad. [0076] Pol i shing I'iquid was prepared by mixing
wat er and cerium oxi de abrasive grain having an average particle size
of 1.2 g m Here, it is preferable that the particle size of the
abrasive grain is in a range between 1.0 and 1.4 pm Any abrasive
grain having a particle size of 4 pmor nore was renoved i n advance.
When the polishing liquid was neasured, the maxi num val ue of an
abrasive grain included in the polishing liquid was 3.5 g m an
average particle size of the abrasive grain was 1.2 p m and D50

val ue was 1.1 pnithevadtiappliced poatbe3glimssophadkonmstsetsctrobbet iveen
80g/ cn2 and 100g/cn? and renoval thickness of the surface portion of
the glass phat@weseseindetaeet- Z0:tafd 3peynio [WO7A7|glass subgheatg ass
substrate after the first polishing step was sequentially dipped in
cl eansi ng t & lof neut r al det er gent, pure water (1), pure water (2),

roorer” C°“°§?§L§§%%n%>”%b%f’ ARG atds Phrrrof ek iiing Sf 681 s
carried out, tgas %m;“ﬁdgurfacg P?L&é lqrgm%tdep Jﬁ‘%ﬁe%%ndtkpe‘)' _l“?,l;lé]_ng
at pol i

step is aine ing 't ass plate nore so that the surface

of the gl assi phatre rBAsea MAL grrengd‘ BEG gld:4 hansecond, p@"h'e§@hf‘9@r,
step, main surface was mrror-polished by the apparatus for both

surfaces podighiaigyi ©islkudi figopd anei@ripegeatc MBEhaN &M 1Y8NtheAinner
pol i shing pad includi ng pol yuret hane
circumference and the glass substrate was cut by hot pressing.
[0068]

In a case where external shape of the glass substrate is
formed by the above-mentioned method, both edge surfaces of the
outer and inner circumferences dc not have a crack after shape
processing and therefore pelishing of the edge surfaces is not
required and the edge surfaces can be used as final edge surfaces
of a magnetic disc.

[0069]

Here in the present embodiment, laser was fixed and the
glass plate was rotated. However, contrary to that, the glass
plate may be fixed and the laser may be rotated.

[0070]
(2-2) Chamfering surface forming step by spherical center
polishing

Forming of a chamfering surface was carried out by use
of the spherical center polishing apparatus shown in FIG. 3 {a).
First, to form a chamfering surface of the outer circumference
edge surface, the glass substrate which was shape processed in

the previcus step was set on the substrate holder 56 of the
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soft polisher.Polishing liquid was prepared by m xing ultrapure water
and coloidal silica grain having a grain particle of 40nm [0079]
The gl ass plate after the second polishing step was sequentially
di pped in cleansing tanks of neutral detergent (1), neutral detergent
(2), pure water (1), pure water (2), isopropyl alcohol (IPA), and IPA

(steamdry
t he tanks.

ng) to be cleansed. Here, ultrasonic wave was applied to
[ 0080] (5) Chem cal strengthening step Next ,

chem cal strengthening was conducted to the gl ass substrate after the

above- nenti
st rengt heni

i ishi . Th hem | )
Qgﬁgr%ﬁpwggge@g%%@ | r@gpzksgﬁs e, C g_%mggghe% (a) and

ng was con ted reparrng chemcal stren

sol ution insuhi £ Potassdnbol §ahe (A% . and: $odium ﬂ%ﬁéﬂt;%hl(igg%lg
Then, “the

were m xed.
cl eansed gl

e chem cal solution was heated to 380C,
assoisdlbairrate was sidpednengDatheghercal st rengihenng

solution for about 4 hours. To chem cally strengthen the whole
surfaces ofahtiesgt ass shbstulaserateiadidep g was icoducted rinkectibe
gl ass substrate was placed in a holder so that a plurality of gl ass

substrates

ahanfedined ipcehép rmby e gurthaceack0981face.
[0071]

Nexl, Lo carry ocut chamfering surface forming on the inner
circumference edge surface, the polishing plate 61 of the
spherical center polishing apparatus shown in FIG. 3 {(a} is
replaced by the polishing plate 67 shown in FIG. 3 (b) and
polishing was carried out by external side of the sphere. After
polishing on one surface was over, the glass substrate was
turned back and set on the substrate holder 56 again for carrying
out chamfering surface forming on the back surface.

[0072]

As described above, if a chamfering surface is formed by
a spherical center polishing apparatus, only the corner between
the main surface of the glass substrate and the edge surface
can be polished and therefore it is possible to use a plane
surface of the edge surface formed by the laser scribe in the
previous step can be used as the final edge surface of the
magnetic disc without processing. Moreover, because polishing
is not carried out in the forming of the chamfering surface,
a crack does not occur from the chamfering surface to the inside
of the glass when processing.

[0073]

Thus, by the {2) edge surface forming step, the glass plate
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By dipping the glass substrate into the chem cal strengthening
solution, lithiumion and sodiumion on the surface |ayer of the

gl ass substrate are replaced by sodiumion and potassiumion in the
chem cal strengthening solution and the glass substrate is

strengt hened. Thickness of conpression stress |layer fornmed on the
surface | ayer of the glass substrate was about 100 urn. [0082]

The gl ass substrate after the chem cal strengthening step is dipped

into a water tank of 2000 to be rap |d2%@Fooled down and was kept in
the tank foWa%BBEPellﬁ)r?ﬁerﬁﬁe@stO?h’éWg“t PGB SUBSPr Y& af t BpCahEe

rapi d cool di pped in concentrated sul c acid heated 't
about 40C t%x B e AHEBHS NBHOOTEr L o het g e S NEUbRE Bt e rter tQhe

I v |_f I d t
e ot S, hdr(testil UL L 0L 2o RROUARt L RhEL £ PRA Y Bt A0S S
(steam drylalgarg& l?:ﬁ)e%l %@S%@cuﬁe&ﬁ £ 4 LS BSQNI G, Mave was, %ﬂ%kﬁ@hﬁ@

the tanks. [008 descri bed above, by carrying out

first w apmMa‘Hee@m tmee@@@esu&%tcacﬁqd OREL 8854 EPrthBe SeCdng is
wr appi ng step, the main surface polishing step (the flrst and second

pol i shi ng st@&Epskeedand tteciferiecathstedygishetibng séaped &ygltass step
substrate for a magnetic disc having no damage on the edge surface
and havi ng tigtee ivgiedi ey Was bzl melde F008ate (6) Precizgeetheansing
step Next, precise cleansing of the glass disc was carried
out. This st¥4ls for removing residue of polishing conpound which
may cause hﬁg? crash or thernal rperlty and for obtaining a clean
gl ass subst §§Fﬁgw5a?P%ﬁgsiﬁ?ace The precise cleansing step

includes follow lﬂ]%x%', eans boqgl Sét?ﬁsaces of the glass substrate thus

obtained, second wrapping process is carried out in a similar
manner as the first wrapping process. By carrying out the
second wrapping process, it is possible to remove minute convex
or concave shape formed on the main surface in the edge surface
forming step, which are precedent steps, in advance and it
becomes possible to finish following polishing step of the main
surface in a short period of time.
[0075]
(4) Main surface polishing step

As amain surface polishing step, the first polishing step
was carried out. The first polishing step was carried out to
the glass substrate after the above-mentioned edge surface
forming and is mainly aimed at removing crack or distortion
remaining on the main surface after the wrapping step. A
preliminary polishing step was carried out by an apparatus which
can polish both surfaces. A hard urethane pad including

zirconium oxide and cerium oxide in advance was used as a
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[ 0085] First, a cleansing step by cleansing conpound was
carried our. Alkaline solution was used as the cl eansi ng conpound.
The gl ass disc was di pped in the cleansing conpound and was washed
for two minutes while reciprocally noved. At this tine, the
tenperature of the cleansing conpound was set to 50C and ultrasonic
wave was applied to increase cleansing effect. [0086] Next ,
wat er rinse cleansing step was carried out for two mnutes. This is
for renoving the residue of the cleansing conpound used in the

above- nment i prkeicsdingapsidng. Then, TPA cl eansing step was carried out
for two mnutes. This is for cleansing the glass disc, as well as
removi ng wat®@7%n the gl ass substrate. Finally, |PA steamdrying step
was carried out for two mnutes. This is to dry the glass substrate
whil e renovi ng t ReLEPRLNY HERIAH ThPaERRFS Ponni KRG as 8T sk E¢ Bt en by
| PA steam 0087% %7%,Nhgnetic di sc manuf acturing net hod A seed
|l ayer, a Oro%SifnaRfrohvE &Férin BaG™ND PolTRIARIORAF By ete Sa 2€0Pf Gr-Fa 4

magnet i c | ayer . gpd ;3 caphon. fydr] de. protection Layst were, orred, on

both si des of e flass _ e obtarne roug e

per 1 tor opoTyathor TiBreoas T Syer hed P red i e qepgrat

manuf act ur en 2, YROAGIA G i#18Cs 110088} [ QooPababi ves BarpLe H aavance.
When the polishing liguid was measured, the maximum value of
an abrasive grain included in the polishing liguid was 3.5 u
m, an average particle size of the abrasive grain was 1.2 u
m, and D50 value was 1.1 pum. Load applied to the glass plate
was set to between 80g/cm® and 100g/cm® and removal thickness
of the surface portion of the glass plate was set between 20
and 40 pm.
[0077]

The glass substrate after the first polishing step was
sequentially dipped in cleansing tanks of neutral detergent,
pure water (1), pure water {(2), isopropyl alcohol (IPA}, and
IPA (steam drying} to be cleansed.

[GO78]

Next, second polishing step (mirror polishing step) was
carried out as the main surface polishing step. The second
polishing step is aimed at polishing the glass plate more so
that the surface of the glass plate has a mirror surface. 1In
the second polishing step, main surface was mirror-polished by
the apparatus for both surfaces peclishing including planetary

gear mechanism, using a polishing pad including polyurethane
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Here, for the purpose of conparison with the above-nentioned

enbodi ment, a glass substrate was manufactured by executing an edge
surface form ng step according to a conventional nethod as a
conparative exanple 1. That is, the outer circunference of the glass
substrate was processed by a cutter using dianond grain and the hole
in the center portion was processed by a core drill using dianond
grain . Subsequently, the inner circunference edge surface and the
outer circunference edge surface of the ring-shaped glass substrate
obt ai ned byStHe apbvelsrenti SAédshivtessingd were puldrsired By aniotegy
brush using ?brasive conmpound, i ncl udi ng a | oose grain. Except for the

edge surface FoiiiThg &%y 19 theP Sedpss M@ (He Waka Ed% hbserdin

t he present eq?oqﬁn%@tnokbmever, t he chem cal strengthening step was

not carriedout Tor “the E%hparative exanple 1. [0089] [Conparative
Exampl e 2] ;59797 Next, as a conparative exanple 2, a glass substrate
was nanufac%ure by carrying out the chem cal strengthening step to a

gl ass substrate mapuiackur @daby tRecrethedsQbchhe 60D Al | Ve SxMwl e
1. The chem cal strengthening step was carried ouF under the sane

condi tion aseqenramodidmitied {00904n§ Su tagrs eFservMatdiondtergent (Hdge
surface and main surface of a glass substrate for a nmagnetic

recordi ng nesltumlnged aetrar 62) byutdéeamanuflactprdengs et hod, akoprgb@ss
substrate for a magnetic recordi ng nmedi um

alcohol (IPA), and IPA {steam drying} to be cleansed. Here,
ultrasonic wave was applied to the tanks.
[0080]
{5) Chemical strengthening step

Next, chemical strengthening was conducted to the glass
substrate after the above-mentioned wrapping and peclishing
steps. The chemical strengthening was conducted by preparing
chemical strengthening solution in which potassium nitrate
{(60%) and sodium nitrate {40%) were mixed. The chemical
solution was heated to 380°C ., Then, the cleansed glass
substrate was dipped into the chemical strengthening sclution
for about 4 hours. To chemically strengthen the whole surfaces
of the glass substrate, the dipping was conducted while the
glass substrate was placed in a holder so that a plurality of
glass substrates are retained by their edge surface.
[0081]

By dipping the glass substrate into the chemical
strengthening solution, lithium ion and sodium icn on the

surface layer of the glass substrate are replaced by sodium ion

and potassium ion in the chemical strengthening solution and
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according to the present enbodi ment and gl ass substrate nmanufactured
by the conparative exanples 1 and 2 were observed. Regarding the
present enbodi nent, a glass substrate to which chem cal strengthening
processi ng was not carried out (enbodinent 1) and one to which

chem cal strengthening processing was carried out (enbodi nent 2) were
manuf act ured and observed. Surface observation was carried out by use
of an electronic mcroscope (magnification of 4000 power). [0091]

As a result, no foreign matter or damage (a crack or a chip) could be
found on both the oquter circunference edge surface and the inner .

ci rcunf er entea® d4G8° SUHAEE °6t* 1 ﬁér‘ﬁ?%"s]%e'ge@dst Bt ETEs S%rfzéﬂﬁ’éfa%lo”
recordi ng i di S ﬂpd e rfa S
mrror surpgggﬁggE%Y%gﬁgﬁg%%ﬁggﬁg%fﬂégéggu%i dhogﬂgmﬁggﬁsgﬁw%gggao
the glass sybstrate agpoweld. This shows that in the case of the

manuf acturi ng nmethod of a glass substrate for a nmagnetic recording
medi um accofgp®®m to the present enbodi nent, external shape was forned
by a | aser scribe and the chanfering surface was formed by spheri cal
cent er poli shi ng Tardy tder efilos erdthea Btesthe clanmgel an riehgtrdgengurépce
and adherence of a particle on the main surface caused by the danmage
on the edgeisutifrace dihdonotwalecut ank 00020 Wien keurtptel phserisat Horn
for conparative exanples 1 and 2 was carried out, fine damages
(cracks or BMipeP bRl ifotil (R <t Fer 8GPEE 1 PEDNT@F enddcBdge s grpate

and the inner, ci rcunference edge.surface. Mreover, on the nain
surface of substrate after é%e r pia cocl down {s dipped 1n concentrated

sulfuric acid heated to about 40°C to be cleansed. Moreover,
the glass substrate after cleansing by the sulfuric acid is
sequentially dipped into tanks of pure water (1), pure water
{2y, isopropyl alcohol ({(IPA), and IPA (steam drying) to be
cleansed. Here, ultrascnic wave was applied to the tanks.
[0083]

Es described above, by carrying out the first wrapping
step, the edge surface Forming step, the second wrapping step,
the main surface polishing step {the first and second polishing
steps), and the chemical strengthening step, a glass substrate
for a magnetic disc having no damage on the edge surface and
having high rigidity was obtained.

[0084]
(6) Precise cleansing step

Next, precise cleansing of the glass discwas carriedout.
This step is for removing residue of polishing compound which
may cause head crash or thermal asperity and for obtaining a
clean glass substrate having a flat surface. The precise

cleansing step includes following cleansing steps.
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the gl ass substrates, particles which may cause thernal asperity if
magnetic discs are to be manufactured by use of the glass substrates
were found. [0093] It is conceivable that this is because
polishing on the outer circunference edge surface and the inner

ci rcunference edge surface of the conparative exanples 1 and 2 was
not sufficient, small danmages renai ned on the edge surfaces,
particles were caught by the danmages, and the particles adhered on
the surface in the steps that follow the polishing. [0094]

[ Transverse [PUptlre strength test] Further, transverse rupture
strength was neasured regarding the above-nentioned enbodi nents 1 and
2 and conpar at i véiéxanp? €$canahad 2tBY Nysel N H-NT GABRRRR YR A Sagréed
strength test apparatus shown |n FIG 5 (Shimadzu aut ograph

DDS- 2000) . THe-t erPSeSPupt tir® &Y & atse*é‘i‘eaﬁb%l?%?ﬂ%‘jpﬁé’a?&ﬂl&é-

t t tr. t h of,. I sub .42 b I h
Ly ansver oo RS, SLEEAOLN oL B BLRE SSAaLe 7 DhuBlacl it D

hol der 41, ggﬁﬁéﬁ'gs?' €J£ﬁ9m§@£‘§&ﬁﬁﬂ§ r%%i%?@g%giffngﬁrgﬁhe A @ﬁgi time,

substrate 42, "and pressing fromthe to sphere via a

| oad cel | 4%@@@3@%5&9@0%%@%tlsgngiﬁ%Leﬁn%%aaewggrgéto@ooéo@gnd

gl ass substrate S supported by the substrate holder 41, the hole
which is pravidegoatc theecoBberppsi &f easahdrearet beeahove; cHrecef or e,
the gl ass substrate 42 is bent and as pressure is increased, the

gl ass substraveesn2 i s broken when pressure reaches the breaking point
of the glass substrate. This pressure is regarded as the transverse
rupture strength ¥fxttheageassnsghsisaid MR st¢POYSs] carried out for two

minutes. This is for removing the residue of the cleansing
compound used in the above-mentioned cleansing. Then, IPA
cleansing step was carried out for two minutes. This is for
cleansing the glass disc, as well as removing water cn the glass
substrate. Finally, IPA steam drying step was carried out for
two minutes. This is to dry the glass substrate while removing
the liquid IPA which adheres on the glass substrate by IPA steam.
[0087]
(7) Magnetic disc manufacturing method

A seed layer, a Cr foundation layer, a CrMo foundation
layer, a CoPtCrTa magnetic layer, and a carbon hydride
protection layer were formed on both sides of the glass
substrate obtained through the above-mentioned steps by a
single type sputtering device and a perfluoropolyether
lubricant layer was formed by dip method to manufacture a
magnetic disc.
(0088]

[Comparative Example 1]
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As a result of the above-nentioned transverse ruptirée strength tests
conducted for the above-nentioned enbodinents 1 and 2 and the
conparative exanples 1 and 2, even the enbodinent 1 to which the
chem cal strengthening processing was not carried out showed higher
transverse rupture strength than the conparative exanple 1 (no

chem cal strengthening processing) or the conparative exanple 2
(chem cal strengthening processed) . The enbodi nent 2 to which

chem cal strengthening processing was carried out showed higher
transverse rupturkesirentih titen thepeseodiafentcanpar@886] Wiese the
results show that in the conparative exanples 1 and 2 manufactured b
t he convent rbnat-met hiothdvasmifogianaddney gsaon stbstedye wagrfaref agured
understood fromthe result of the surface observation and therefore
even if cheWc&P‘W%ﬁP@n@Ph@ﬁ@& SéeréﬁagsFgawéﬂgaﬁéeﬁawﬁ@rﬁw% to a
strength coul d not,K be obtain e cont%ary,

edge surfac&°RBFRT M B TR OSV§§§ §Bﬁé?¥%ﬁ¥¥§ﬁexﬁﬁ8Tﬁr%seﬁ St1s, e
enbodi ment s, glﬁgc(fehgchue e)é%%rcgaéf strplapgcf or sub%t%% o rr| ﬁg%g 15%3’ o

| aser scrlbe errng Surf ace” was “for ie rica

center polisfipg, [Oefeqh SmBAy da1Rge ./l meeh%e.igelwh ae@ntapeaoefft%ﬁ

it was possible to obtain a g ass substrate having high strength eve

bef ore chem,galp$ide@RalRSN BIr LRGeS SisNAg dil22098]gRecor Subsequently,
reproducti on test]

the inner circumference edge surface and the outer
circumference edge surface of the ring-shaped glass substrate
obtained by the above-mentioned processing were polished by a
rotary brush using abrasive compound including a loose grain.
Except for the edge surface forming step, all the steps were
the same as those in the present embodiment. However, the
chemical strengthening step was not carried out for the
comparative example 1.

(00831

[Comparative Examplie 2]

Next, as a comparative example 2, a glass substrate was
manufactured by carrying out the chemical strengthening step
to a glass substrate manufactured by the method of the
comparative erample 1. The chemical strengthening step was
carried out under the same condition as the embodiment.
[0050]

[Surface observation]

Edge surface and main surface of a glass substrate for

a magnetic recording medium manufactured by the manufacturing

method of a glass substrate for a magnetic recording medium
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Next, magnetic di scs were manufactured by use of the above-nentioned
enbodi mrents 1 and 2 and conparative exanples 1 and 2 to conduct
record reproduction tests. A magnetic head having a magnetoresistive
el enent as a reproduction elenment part, a single nmagnetic el enent as
a recording elenent part, and a floating amount of 8 nmwas used for
the record reproduction test. Recording nmethod was perpendi cul ar
recordi ng. [0099] As a result, it was confirned that

i nformati on coul d.be recorded and reproduced correctly by the
enbodi ment s L eAr 88 BT pPREeh i PRET R O RE (4 ey
detected an i i i ]

100- gi ga bi?BEE?Q%g%g%g%2p$ﬁ%Es%éﬁ?%ggﬁ%gggﬁ%%?gﬁn t gq%%%%&% eﬁﬁﬁ?'

enbodi nent s gkgardirg e ¢reaknshaRso @R ftOr Fegh Hys adAasehcacr hg, sand
the chanfering surface was forned by spherical center polishing and

theref ore tkekaitsl nostledragthedn nighepedges sitid acasandcadhes encsd ofoud
particle on the main surface caused by the damage on the edge surface
did not occurmbpBif&pt 1) andn drike ot hehikandshdieratal saspegtitgning
signals were detected in reproduction signals of the conparative
exanpl es 1 @F@cessrpmeshierEsd eut ilempedigeiyi demed ettt fesItivg Atrigidon
the outer circunference edge surface and the inner circunference edge
surface of theeEYRPar ativE8<ExARFFESA U Und'®® WS TREE SBFfPEi et Oial |
damages renmai.ned on.the, edge surf(acesi gartjcle Were cau? t by the
damages, andCRETRAT B SRS 098R E et ST &de “PR°t R&¥EE bps t hat
foll ow t he %bbﬁhing. [ 0101] From t he above-nentioned test
results, it S éonfirned t hat since shape processing by a | aser

scribe was adopt efs forreaxliernab 8HaPIRI0 Bk tbPe 9l Bff NGt Eaksy & 2
spherical center polishing was adopted for chanfering surface form ng

in the manufagGipyr ichglaebBodoohdacgl asshsuhst paterf ok rauiBgn@idec edge
recordi ng medi um according to the present invention, there is no
damage on t lerddge swut ftheeland: thiercamdereente Belgenesrpoassidid éheoglass
reduce foreign matters caused by particles caught by the damage on
t he edge surfubssrand for gbrapnealgl e rsiibst radeut orf &hgaghbedEnents

recordi ng nmedi um havi ng hi gh gl ass strength. ,
1 and 2 and The édge surface was mirror surfaced. No foreign

matfter was found on the main surface of the glass substrate as
well, This shows that in the case of the manufacturing method
of a glass substrate for a magnetic recording medium according
to the present embodiment, external shape was formed by a laser
scribe and the chamfering surface was formed by spherical center
polishing and therefore there is no damage on the edge surface
and adherence of a particle on the main surface caused by the
damage on the edge surface did not occur.
10092]

When surface ohservation for comparative examples 1 and
2 was carried out, fine damages (cracks or chips) were found
on the outer circumnference edge surface and the inner

circumference edge surface. Moreover, on the main surface of

34



[0102] Moreover, it was confirned that thermal asperity can be
reduced because foreign matters on the main surface of the gl ass
substrate can be reduced in the magnetic recordi ng nmedi um using the
gl ass substrate of the present invention. [0103] Here, the
present invention is not limted to the above-nenti oned enbodi nent
and can be executed by nmaking appropriate changes. For exanple, in

t he present enbodi nent, an exanple where the chanfering surface is

formed by spherical center polishing after shape processing by a

| aser scri bé'fagleisweiRicierer; e tdfaffer{ g s UrdAc62HERd TRt MBeé

formed. Since the edge surface fornmed b | aser_scribe has no agage
RS £he

on the surf&zBSTitY ird W1 Siecedsary 46 JHPTHEaTHIEARY 580
hanf eri i i d dth nb f
chanfering éygggc&%ﬁ)ﬁr%%%djte% gg@ncge omtted and the nunber o

steps can beé feduce urther, an exanple where a CO2
| aser was usggotpr the laser scribe was shown. However, the present
invention is not limted thereto and a sem -conductor | aser may be

used. [0105] 1t iEUEdAESivdRILEhAL Sihis 18, bOENACRSPNYsRI QG RIUERS,
and the like in the above-nenti oned enbodi nent are an exanple of the

present inventeoniandndareheechadgetrfareexesutHeonnat rt dier pireFserhce
invention within a range where the effect of the present invention
can be prodeded. sFufaber oft hbeprespatat imentxarm tan beampploprbaneky
changed for execution w thout departing fromthe scope of the
i nvention. sufficient, small damages remained on the edge surfaces,
particles were caught by the damages, and the particles adhered
on the surface in the steps that follow the polishing.
{0094]
[Transverse rupture strength test]

Further, transverse rupture strength was measured
regarding the above-mentioned embodiments 1 and 2 and
comparative examples 1 and 2 by use of a transverse rupture
strength test apparatus shown in FIG. 5 (Shimadzu autograph
DPS-2000). The transverse rupture strength test apparatus
measures transverse rupture strength of a glass substrate 42
by rlacing the glass substrate 42 which is a target of the test
on a substrate holder 41, placing a rigid sphere 43 on the hole
of the glass substrate 42, and pressing from the top of the rigid
sphere 43 wvia a load cell 44. Because conly the outer
circumference portion of the glass substrate 42 is supported
by the substrate holder 41, the hole which is provided at the
center 1is pressed from the above. Therefore, the glass

substrate 42 is bent and as pressure is increased, the glass

substrate 42 is broken when pressure reaches the breaking point
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What is claimed is: 1. A manufacturing nethod of a glass substrate
for a magnetic recording medi um conprising the steps of:

formng a crack at a predeterm ned spot on a glass plate from which
an external shape of the glass substrate is forned; per form ng
a processing by which a thermal distortion occurs in an area of the
glass plate by irradiating a | aser beamto heat the area and cooling
the heated area, while noving the area fromthe crack al ong the

t | sh ft I bstrate,. and thereby f '
per pondi cul o GRCKIPRSa PP RETTON pol POt ar 16 & WatACQuPFatbeof

e ednarS PERLASL O LONA Jne - OLo R PO UAULAL S8 SRS e ond dhe

ext ernal shape of the ass su he ‘gl ass
substrate frgpygihe glass plate along the line of the perpendicular
crack; wherein the edge surface of the glass substrate forned

in the cutting stap 4 sdised ag andi advedgarsuhbacedaivihe dassre

substrate. 2. The manufacturing nethod of a glass substrate for a

magnet i ¢ r ecordhggh meditsncacdos ted @ crot B adbavk-mentioned embodiments
1 and 2 and the comparative examples 1 and 2, even the embodiment
1 towhich the chemical strengthening processing was not carried
out showed higher transverse rupture strength than the
comparative example 1 (no chemical strengthening processing)
or the comparative example 2 (chemical strengthening processed).
The embodiment 2 to which chemical strengthening processing was
carried out showed higher transverse rupture strength than the
embodiment 1.
[0096]

These results show that in the comparative examples 1 and
2 manufactured by the conventicnal method has fine damages on
the edge surface as undesrsiood from the result of the surface
observation and therefore even if chemically strengthened, a
glass substrate having high strength cculd not be obtained.
[0G97]

On the contrary, in the edge surface forming of the glass
substrate of the present embodiments, since the external shape
forming was carried out by a laser scribe and the chamfering
surface was formed by spherical center polishing, there is no
damage on the edge surface. Therefore, it was possible to
obtain a glass substrate having high strength even before

chemical strengthening processing.
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wherein the edge surface of the glass substrate is not polished after
the cutting step. 3. The manufacturing nethod of a glass substrate
for a magnetic recording nmediumaccording to clains 1 or 2, further
conpri si ng polishing a corner nmade between a main surface of
the gl ass substrate and an outer circunference edge surface of the

gl ass substrate to forma chanfering surface in the corner. 4. A
manuf acturing nmethod of a glass substrate for a nagnetic recording
medi um accor di to clainms 1-3, wherein a chanfering surface
is formed on ?Hg]edge surface of the glass substrate by spherical

center polishing., 5 A neti¢c recording nmedi um conprising a gl ass
substrate fi?eggﬁ%gﬁgP?%ﬁggéSPdgﬁﬁtﬁediun1nanufactured.by t he

manufacturing meyhagd of,, n%lt’i‘f,s dﬁHB§t&§£§ £ 95 A RGNSL .G 1 eeordi ng
medi um according to dny one of clarns 1-4 an a magnetic’l ayer forned
directly or  ¥hfeaRHRINdR%RLoAMndNE Al 888 SUBRY LAkBarative examples

1 and 2 to conduct record reproduction tests. A magnetic head
having a magnetoresistive element as a reproduction element
part, a single magnetic element as a recording element part,
and a floating amount of 8 nmwas used for the record reproduction
test. Recording method was perpendicular recording.

[0093]

As a result, it was confirmed that information could be
recorded and reproduced correctly by the embodiments 1 and 2.
At that time, nc thermal asperity signal was detected and
recording/reproduction could be carried out with 100-giga bit
per 1 saguare inch. This shows that in the case of the
embodiments 1 and 2, external shape was formed by a laser scribe
and the chamfering surface was formed by spherical center
polishing and therefore there is no damage on the edge surface
and adherence of a particle on the main surface caused by the
damage con the edge surface did neot occur.

[0100]

On the other hand, thermal asperity signals were detected
in reproduction signals of the comparative examples 1 and 2.
From the result, it is considered that polishing on the outer
circumference edge surface and the inner circumference edge
surface of the comparative examples 1 and 2 was not sufficient,

small damages remained on the edge surfaces, particles were
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caught by the damages, and the particles adhered on the surface
in the steps that follow the polishing.
[0101]

From the above-mentioned test results, it was confirmed
that since shape processing by a laser scribe was adopted for
external shaping of the glass substrate and spherical center
polishing was adopted for chamfering surface forming in the
manufacturing methed of a glass substrate for a magnetic
recording medium according te the present invention, there is
ne damage on the edge surface and therefore it becomes possible
to reduce foreign matters caused by particles caught by the
damage on the edge surface and to obtain a glass substrate for
a magnetic recording medium having high glass strength.
(0102]

Moreover, it was confirmed that thermal asperity can he
reduced because foreignmatters on the main surface of the glass
substrate can be reduced in the magnetic recording medium using
the glass substrate of the present invention.

[0103]

Here, the present invention is not limited to the
above-mentioned embodiment and can be executed by making
appropriate changes. For example, in the present embodiment,
an example where the chamfering surface is formed by spherical
center polishing after shape processing by a laser scribe was
shown. However, the chamfering surface need not be formed.
Since the edge surface formed by a laser scribe has no damage

on the surface, it is not necessary to polish it. 1In that case,
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chamfering surface forming step can be omitted and the number
of steps can be reduced.
(01041}

Further, an example where a CDy laser was used for the
laser scribe was shown. However, the present invention is not
limited thereto and a semi-conductor laser may be used.
0105}

Further, materials, size, processing procedures, and the
I1ike in the abhove-mentioned embodiment are an example of the
present invention and can be changed for execution of the
present invention within a range where the effect of the present
invention can be preoduced. Turther, the present invention can
be appropriately changed for execution without departing from

the scope of the invention.
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What 1s claimed is:

i, Amanufacturingmethod of a glass substrate for a magnetic
recording medium comprising the steps of:

forming a crack at a predetermined spot on a glass plate
from which an external shape of the glass substrate is formed;

performing a processing by which a thermal distortion
occurs in an area of the glass plate by irradiating a laser beam
to heat the area and coocling the heated area, while moving the
area from the crack along the external shape of the glass
substrate, and thereby forming a perpendicular crack in a
direction perpendicular to a main surface of the glass plate
to form a line of perpendicular crack along the external shape
of the glass substrate; and

cutting the glass substrate from the glass plate along
the line of the perpendicular crack; |

wherein the edge surface of the glass substrate formed
in the cutting step is used as a £inal edge surfaced of the glass

substrate.

2. The manufacturing method of a glass substrate for a
magnetic recording medium according to claim 1,
wherein the edge surface of the glass substrate is not

polished after the cutting step.

3. The manufacturing method of a glass substrate for a

magnetic recording medium according to claims 1 or 2, further
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comprising
polishing a corner made between amain surface of the glass
substrate and an outer circumference edge surface of the glass

substrate tc form a chamfering surface in the corner.

4, Amanufacturingmethod of a glass substrate for a magnetic
recording medium according to claims 1-3,
wherein a chamfering surface is formed con the edge surface

of the glass substrate by spherical center polishing.

5. A magnetic recording medium comprising a glass substrate
for a magnetic recording medium manufactured by the
manufacturing method of a glass substrate for a magnetic
recording medium according to any cne of claims 1-4 an a magnetic
layer formed directly or via another layer on the glass

substrate.
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